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ROSINA PDS L3-to-L5 Data Process Documentation

1. PURPOSE

This documents describes the process required to convert the Double Focusing Mass
Spectrometer (DFMS) and the Reflectron-type Time-Of-Flight (RTOF) PDS level 3 (L3) into PDS
level 5 (L5), using the COmet Pressure Sensor (COPS) PDS level 2 data for normalization.

2. METHOD OVERVIEW
2.1. Method Description

For each mass spectrometer’s non-GCU level 3 data product, the ion count of the major species
are integrated. These species consist of H,0, and CO; for RTOF, and of H;0, CO, O, and CO; for
DFMS. From the ratios of CO/H,0, 02/H,;0, and CO,/H,0, and knowing the sensitivities and
fragmentation patterns for these molecules thanks to calibration campaigns on the ground with
the laboratory replica of the two mass spectrometers, the absolute local densities are computed
using the corrected COPS Nude Gauge (NG) density as absolute reference.

The output consists of one .LBL file plus one .ASC file per molecule, for each MTP, and for each
instrument. A description of the .ASC and .LBL file formats is provided in the “.FMT” files
corresponding to the DFMS & RTOF PDS level 5. The .ASC files include a time stamp, some
information regarding the geometry of the Rosetta spacecraft, the local density of each molecule
with its error, the PDS level 3 filenames used for the density values calculations (1 for RTOF, 4 for
DFMS), the total COPS density, and the filename of the COPS PDS level 2 file used for the absolute
scaling with COPS.

PDS level 5 are generated starting MTP6, as no or very few cometary data are available in the
preceding data. No RTOF PDS level 5 data are available in the MTP 21 and 35, due to the absence
of RTOF PDS level 3 data for these time periods. Additionally, the RTOF PDS level 5 data for the
MTP 30 and 31 are intended to be delivered in a future version of the dataset.



2.2. Method Process

The step-by-step overview of the conversion from one PDS level 3 data file to its corresponding
entry/line in the PDS level 5 output data files is given below. In the following, “MS” refers either
to RTOF or to DFMS.

1. Read the relevant MS PDS level 3 data files: for each file, store the acquisition time and
compute the amount of ions/s for the major species (H20, and CO, plus CO and O; for
DFMS).

2. Read the relevant COPS PDS level 2 data files: for each file, store the acquisition time
together with the pressure value.

3. For each RTOF PDS level 3 file: find the COPS PDS level 2 file closest in acquisition time to
the RTOF PDS level 3 file.
For each DFMS PDS level 3 containing one of the major species (H.0, CO, O, and CO3):
find the COPS PDS level 2 file closest in acquisition time to the DFMS level 3 file, and find
the three other DFMS PDS level 3 files containing the other species.

4. Normalize the MS data to COPS (see section 3.4).

Details on these steps are given in the Chapter 3 of this document. The tree architecture of the
PDS level 5 files is as follows:

[L5 main folder]
> MTP2
> DFMS
.. [DFMS PDS level 5 data]
> RTOF
[RTOF PDS level 5 data]
> MTP3
> DFMS
.. [DFMS PDS level 5 data]
> RTOF
[RTOF PDS level 5 data]
> MTP4



3. DATA PROCESSING

3.1. Numerical integration of the major species
3.1.1. DFMS — H,0, CO, 0, and CO»

The species processed in the DFMS PDS level 5 products are H;0, CO, Oz, and CO;. For the
numerical integration, only the non-GCU high-resolution DFMS MCP spectra are used.

The numerical integration of the major species in the DFMS spectra is done as follows:

1. The DFMS PDS level 3 data products are read until a spectrum corresponding to H,0, CO,
0,, or CO3 is found.

2. The peak corresponding to the ongoing molecule is found while searching for the highest
point near the theoretical mass of the said molecule. The possible values for the
theoretical masses are: 18.0100 (H,0), 27.9944 (CO), 31.9893 (0,), and 43.9893 (CO,).
These theoretical masses are calculated using the Commission on Isotopic Abundances
and Atomic Weights (CIAAW) database; the mass of an electron has been subtracted.

3. The points are summed up on the left side from the peak center, and then on the right
side, each time until the next value becomes negative (end of the peak), or until the next
value becomes higher than the previous ones (possible start of neighbouring peak).

3.1.2. RTOF — H20 and CO;

For RTOF, the processed species are H,0 and CO;. Unlike DFMS, CO and O; are excluded due to
the more complex interpretation of the signal on masses 28 and 32 respectively, where other
species could contribute to the intensity of the peak. The RTOF PDS Level 3 GCU spectra are
ignored in the calculation of the PDS level 5 data.

The peak shape of a molecule in a time-of-flight mass spectrum can be approximated in a first
—(95—950)2
approach to a Gaussian, A e< 202), with o increasing with the mass following a linear

function. In the specific case of RTOF aboard Rosetta, we have:
0 =0.003635 x mass

Additionally, a baseline between the peaks exists due to several instrumental effects (such as
electronic noise). The intensity of this baseline may vary from one spectrum to another, and is
calculated by summing all the points between bin number 6500 and bin number 8000; this
number is then divided by 1500, thus giving a background value per bin.



The integration consists in summing all the points between (mass - 2o) and (mass + 20), where
the background value described above is subtracted for each bin. The possible values for mass
are 18.0100 (H.0) and 43.9893 (CO). These theoretical masses are calculated using the
Commission on Isotopic Abundances and Atomic Weights (CIAAW) database; the mass of an
electron has been subtracted.

In case a data point in the RTOF PDS level 3 file would have a negative value before the
background subtraction (e.g. value “-1” due to the electronic noise correction from the PDS level
2 to level 3 conversion), the point is discarded.

3.2. COPS, DFMS, and RTOF acquisition times

The acquisition time for a COPS PDS level 2 file is defined as being the STOP_TIME value minus 5
seconds. The STOP_TIME is available in the header of each COPS PDS level 2 file (line 33).

The acquisition time for a DFMS or RTOF PDS level 3 file is defined as the mean value between
the START _TIME and the STOP_TIME. The START_TIME and STOP_TIME are available in the
header of each MS PDS level 3 file.

3.3. Finding the closest COPS value

Due to the fact that some COPS NG values were set to O (especially during the PRELANDING
phase) because of wrong / missing offset measurements, an iterative process is followed to
determine the most suitable COPS value to assign to a MS data point.

While processing one MS PDS level 3 spectrum, the COPS NG pressure value that has the closest
acquisition time must be found.
- If this pressure value is not O, then it is associated to the MS value.
- Otherwise, the second closest COPS NG pressure value is found.
o If this pressure value is not 0, then it is associated to the MS value.
o Otherwise, the MS PDS level 3 is discarded, and no entry for this file will be written
in the PDS level 5 product.

If one or more of the four species cannot be found in a time range of +/- 2h, the COPS PDS level
2 file is ignored and no corresponding PDS level 5 data entry is created for this time period..

3.4. Finding the closest DFMS values

For DFMS, unlike RTOF where all the species are visible in each single spectrum, the four closest
H,0, CO, O, and CO; PDS level 3 spectra are necessary. If one or more of the four species is not
found within a time span of 2 hours, the data point is discarded.



3.5. Scaling the ion counts/s with COPS

The calculations hereafter are based on the fact that the density measured by COPS is calibrated
relative to molecular nitrogen N. Assuming that the coma is dominated by H.O, CO, O, and CO;,
the COPS density is equal to the sum of the major species in the coma:

ny,o Nco Mo Nco
_ 2 2 2
Ncops = + ( +—

BH,0 Bco .3_02 Bco,

where [ is a scale factor relative to N, reflecting the different ionization probabilities. Values
below are from the Granville-Phillips User Manual (2007):

B0 = 0.893 Bo, = 0.990
ﬁco = 0952 ﬁcoz = 0704

Total uncorrected COPS density for COPS are defined as:
Ncops = 2.45 - 10 * peops

with ncops the COPS NG total density in mbar (not species corrected), and pcops the COPS NG
pressure in mbar

Individual densities for the mass spectrometers DFMS & RTOF are defined as:

a-c¢;
Sl'.fi—>j

n;

with

i: index representing one of the four major species (H;0, CO, 0, CO3)

a: constant including all parameters that are sensor dependent but independent of the species
c;: number of ions/sec on detector for species i

S;: species, sensor, and emission dependent sensitivity

fi-j: species and sensor dependent fragmentation ratio

We now define the ratios of the densities relative to H,O, which are independent of any
degradation of the sensors (a vanishes):

No, _ Co, *SH,0 'fH20—>H20+

1o, = =
2 . .
nHzO CHzO SOZ f02—>02+
R Nco,  Cco, *SH,0 'fH20—>H20+
CO; — - . .
NH,o0  CH,0 " Sco, * fo,-co,t
. fcoz—>co+ LS,
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For DFMS, an additional step is required: as the DFMS PDS level 3 data are already vyield-
corrected, the counts c¢; need to be divided by the corresponding yield y; as follows:

Cco Cco, fcoz—>co+ S f
V.~ ' *9H,0 " J H,0-H,0"
. Nco Yoo Yeo, f C0,—C0,™ 2 2 2
co — - I
n H,0
H20 Y “Sco " fco-co+
H,0
Co
2.¢ .
v— " Su,0 " fH,0-H,0+
S nOZ _ Y02 2 20103
0, — - C
MH20 520 S Fonsont
Yo “02 10220
2
Cco
2.¢ .
Hy0 " [ Hy0-H,0*
= Neo, _ Yoo, T2 2072
Co, — - cC
MH,0 YH20 “Sco, * fcoy-co,*
2 2 2
H0

Table 1 summarizes the numerical values used for §;, f;, and Y;.

Table 1: summary of the sensitivity, fragmentation, and yield values, for DFMS (MC) and RTOF (OS & SS).

DFMS RTOF
MC 0s ss
S,0 231 5.73 3.35
Sco 2.03 (5.03) (9.03)
So, 1.59 - -
Sco, 1.54 6.84 14.0
fH,0-m0+ 0792 0.75 0.72
ff comcor 0.964 (0.98) (0.95)
fo,»0,* 0.821 - -
feo,-co,t 0779 0.89 0.82
fco,ocot  0.099 (0.03) (0.08)
Yi,0 0.885 - -
Yeo 1.42 - -
Yo, 1.623 - -
Yeo, 2.141 - -




With the ratios defined above, one can finally derive the H,0, CO, O,, and CO; densities:

- Ncops _ 2.45 - 10" - pcops
H0 1 +Tco | co, 1 4 Tco 1co,
Pu,0 Bco PBco, PBu,0 Bco PBco,

Nco = Tco " MH,0
No, = Yo, "MH,0

Nco, = Tco, " MH,0

3.6. Error on the densities

Due to the errors on the COPS density (ca. 5%), on the sensitivity factors (ca. 10%), and on the
fragmentation factors (ca. 10%), the total estimated error for the MS density numbers is set to

20%.

3.7. LBLfiles

In addition to the .ASC files (i.e. the PDS level 5 containing the time series of the DFMS & RTOF
density values), a .LBL file is available for each MTP and for each molecule. These .LBL files contain
information about the corresponding .ASC file such as the product ID, the data set ID, the size...

An example is given on the next page, copied from the RTOF PDS level 5 for H,0 (MTP34).



Example: file RTOF_L5 MTP34 H20.LBL

PDS_VERSION_ID ................... e e e e PDS3 e s v o e seoenceeaeeeneeeececncacscanas q
LABEL REVISION NOTE- -« ---- = "2018-01-24,Thierry-Semon (UoB) "=« ==« =-=---- q
RECORDiTYPE ...................... R FIXEDiLENGTH ........................... q
RECORDiBYTES ..................... R S I A q
FILEiRECORDS ..................... RPN AR 1 I T R R T I AT AP q
ARTOFiTsiTABLE ................... RN "RTOF7L57MTP347HZO.ASC" ................ q
PRODUCT_ID ....................... e e e e RTOF_L5_MTP34_H20 ...................... q
PRODUCT CREATION TIME: -« -- = 2018-12-09T14:21:46 v ecccccsnnns q
PROCESSING_LEVEL_ID .............. e oo LR I I q
DATAﬁSETilD ...................... = e e e "RO-C-ROSINA-5-EXT3=VI1.0"Meccceeeeeeeens q
DATAﬁSETiNAME .................... = e e e "ROSETTA-ORBITER: 67P-ROSINA -5« e v e e e q
........................................ EXT3-VL.0Me oo eeninnienenennnanq
TARGET NAME -« e =ceee "67P/CHURYUMOV-GERASIMENKO-1- (1969-R1)"q
TARGET_TYPE ...................... .o WOOMET " ¢ ¢ ¢ o oo oo e oo oo eeaeeencesacnsasess q
MISSION NAME: « s« cvvecsereennn e = "INTERNATIONAL:ROSETTA-MISSION": + - -« - - q
MISSIONiPHASEiNAME ............... = e e e "ROSETTA EXTENSTION 3" e e e e v e eeeeeeeecenn q
INSTRUMENTiHOSTiNAME"'"""""= ..... "ROSETTA-ORBITER" = ¢ ¢ et v v o s e eeeeecnesens q
INSTRUMENTiHOSTiID"""""""'= ..... RO ® c v oo oseooeeesneesenesnnsencenesenssns q
INSTRUMENT NAME-« <=« eeeeeeeen- = "ROSETTA-ORBITER - SPECTROMETER:-FOR-= * =« - - q
........................................ ION:-AND-NEUTRAL-ANALYSIS" -« ccceeeeeee
INSTRUMENT_ID"'""""""""': ..... ROSTINA - * v s oot eseseseannncanancanenasess q
INSTRUMENTiMODEilD ............... —e e e e "N/A" .................................. q
AINSTRUMENTiMODEiDESC ............ = e e e "RTOFiMODEiDESC.ASC" ................... q
DETECTORilD ...................... = e e e RTQOF # ¢ ¢ ot oot e oesoetenecnncennsnensonsens q
CHANNEL_ID ....................... = oo 2 R I q
START_TIME ....................... = o 2016=09=02T11:17:14cceceeeeeeeeeenenn q
STOP_TIME"""""'""""""': ..... 2016=09-25T16:26:45 ot eeeeeeeeecncas q
SPACECRAFT CLOCK START COUNT:«--«=----- "1/431435745.28015M ¢ e et q
SPACECRAFT CLOCK STOP COUNT: - - - - - = "1/433441516.35685M et q
ScisUNiPOSITION7VECTOR ........... = e e e "N/A" .................................. q
SciTARGETiPOSITION7VECTOR ........ = e e e TN /A e e oo et oot e ee i st e ttne e q
SC_TARGET_VELOCITY_VECTOR ........ — e e e e "N/A" .................................. ﬂ
SPACECRAFT_ALTITUDE .............. —e e e e "N/A" .................................. q
SUB_SPACECRAFT_LATITUDE .......... — e e e e "N/A" .................................. ﬂ
SUBisPACECRAFTiLONGITUDE ......... = e e e TN /AM e e oo et oot ee e ee it et tets ot q
SPICEiFILEiNAME .................. R {"NAIFOOLL1.TLS", st s eecceneceenn q
....................................... "DE4Q5.BSP", st c ettt ittt
....................................... "ROS_V32.TF","'"""""""""""'ﬂ
....................................... "ROS_CHURYUMOV_VOI.TF",""""""""ﬂ
....................................... "ROS_160929_STEP.TSC",""""""""'ﬂ
....................................... "CATTiDV7257703 00344.BC", ++---+-q
....................................... "CORBiDV7257703447T19700345.BSP","""ﬂ
....................................... "RORBiDV7257703447T19700345.BSP","""ﬂ
....................................... "RATT_DV_257_02_01_T6_00344.BC"}"""'ﬂ
OBJECT # ¢+ ¢ oo oo seseseacacacacencess e e e e RTOF_TS_TABLE .......................... q
e e cNAME * ¢ ¢ ¢ ¢ ot s oot ettt eeeeen e e e e RTOF_TS_TABLE .......................... q

INTERCHANGEiFORMAT ............ = e e e ASCTIT s v v vovovosoossoasencennsensensssnss q

ROWS ¢ v vveeveoeoeneceecenesens e e e e AR I I T R R q

CCOLUMNS * *++ s v ooveoeseecencenns = e e e IR I T T I I I q

'ROWiBYTES ..................... = e e e S R I I A q
e A"STRUCTURE = ¢+ =+ st ot et eseceencen e e e "RTOF_TS_TABLE.FMT" .................... q
END_OBJECT ....................... e e e e RTOF_TS_TABLE .......................... q
N I I T T T T T q
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